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I. INTRODUCTION

Interior ballisticians are often tasked with obtaining higher
projectile veiocities while simultaneously kecping gun pressures
manageable. In line with these requirements, one of the approaches that
has been investigated at the BRL is thi traveling charge concept which
was originally published by Langweiler™ for an "Impulse Gun" in 1940.
This concept is theoretically capable of producing muzzle velocities in
excess of 2000 m/s without unacceptably high chamber pressures.
Moreover, at very high loading densities, the velocity increase is not
proportional to the charge, as more chemical energy must be used to
accelerate the combustion gases. In the past four decades, there has
been a great deal of effort expended toward this goal. (Please sze
references 2-8 for a partial listing.) One of the main problems in
carrying out the concept was the low burning rates for conventional
propellants. Recent advances in propellant technology has produced
propellants offering properties that fulfill some of the high burn rate
requirements of a traveling charge.

A simplistic view of the traveling charge concept is pictured in
Figure 1. A traveling charge (TC) propellant is shown attached to the
base of the projectile. The TC projectile is given an initial
acceleration from a conventional booster propellant. The TC propellant
then ignites after a slight delay to increase the dcwn-bore base
pressure on the projectile until muzzle exit.

In the late 1970's, the BRL initiated a propellant development
effort in support of the traveling charge concept. The development
effort resulted in propellants with apparent burning rates as high as
500 m/s as measured in closed bomb testing. Unfortunately, there were
handling hazards associated with some of the faster burning formu-
laticns, interrupting gun firings. Subsequent efforts concentrated on
research into safer formulations, combustion diagnostics, and theo-
retical interior ballistic studies. Rapid developments in these areas
brought about the decision to reinitiate the traveling charge feas-
ibilizy study.

Two important decisions have helped to move the project in the
desired direction; rescaling of the TC gun fixture, and changes in the
propellant combustion screening methodology. In earlier studies,
combustion screening was done on 12.7-mm 4iameter samplcs while interior
ballistic studies were carried out in a 40-mm gun. This required sample
scaleup prior to ballistic testing. In the current approach, the gun
was scaled down to permit use of the half-inch diameter samples in both
combustion and interior ballistic tests. This eliminated any poteatial
changes in combustion behavior associated with changing propellant
diameteir. It also minimized the time and cost of obtaining =aparate
propellsnt samples for gun firings. The second important decision
concerned combustion screening methods. In earlier combustion tests,
samples were burned in “hc clesed bomb using a small igniter charge.
This is analogous to a traveling charge gun firing where the propelling
charge consists untirely of the TC element. Interior ballistlc
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computationsxs'é however, indicated that optimum TC performance would
most likely be achieved by using a conventional booster charge to
initially accelerate the projectile/TC element. In such a scenario, the
TC propellant would be burning under pressurization by the booster. To
mimic this condition, a new closed bomb combustion test method was
developed in which the VHBR propellant was pre-pressurized by the hot
combustion products of a conventional granular propellant.

The results of the first series of firings withk the new closed bom
diagnostic cenditions and a new l4-mm gun fixture were quite promising.
The closed bomb testing showed that most of the formulations tested
would be able to withstand at least 360 MPa base-pressure without
deconsolidating prior to ignition. Additionally, the testing showed
that the burning time of the TC propellants can decrease by an order of
magnitude when the pre-pressurization from the conventional propellant
is increased from 180 MPa to 360 MPa. The combustion diagnostics
allowed the selection of two formulations for ballistic testing. The
initial series of conventional and TC gun firings showed that the
pressure records and the velocity data within each type of firing were
reproducible. The results from the ballistic firings were compared to
results of calculations/simulatig&slgone with a recently developed
ballistic computer code XNOVAKTC'“ ** that was used to interpret the
physics of the gun firings. The comparisons showed good agreement for
both conventional and traveling charge firings.

Extensive calculacions were donf to help guide the experimental
program for a new series of firings. 2 Parametric studies indiccte
that the velocity gain from the traveling charge effect is greater as
the charge-to-mass ratio is increased. However, the gain in velocity
requires precise timing of both the ignition and burn out of the TC
propellant,

The objective of this paper is to present the status of the
experimental aspects of the traveling charge effort. The intent is to
present progress that has been made und to show the obstacles that need
to be overcome to obtain muzzle velocity improvements with no increase
in breech pressure.

II. COMBUSTION DIAGNOSTICS
1. BACKGROUND

As was discussed in the INTRODUCTION, the intention in the
traveling charge gun firings is to ignite and burn the TC propellant
after the booster has reached pecak pressure. Thus, combustion screening
of formulations to find ballistic candidates should be carried cut under
conditions that will be encountered in the actual TC gun fixture, The
test method discussed below was designed to meet this requirement.

Based on projected velocities with a TC sample length of 25-50 mm in the
l4-mm gun fixture, estimated sample burn times of 0.5 to 2 uws were
sought,

e e g - ST ST . s
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2. EXPERIMENTAL

; A closed chamber (210 cm3) was modifi.d with an insert containing a
13-mm hole to simulate the projectile-barrel configuration (Figure 2).
The insert would provide heavy confinement on the sides of the sample to
simulate the circumferential confinement of the gun tube expected in the
ballistic tests. The sample was epoxied into the cavity. An ignition
delay element (discussed in the next section) was attached to the
surface of the TC to delay the start of combustion until after peak
pressure. Silicone grease was used to fill in any remaining gaps on the
front surface. Having been placed in the cavity, the sample was ignited
with a booster charge (the same propellant that was used as a booster
for the gun firings) located in the main chamber. The booster charge
provided peak chamber pressures of 330 MPa. This pressure is similar to
the maximum base pressure expected in gun firings. Burn times for the
TC could then be found from the pressure histories (Figure 3). Other
booster charges were used to obtain peak pressures between 180 and

350 MPa.

3. RESULTS

The purpose of these tests was to screen formulations to provide a
number of ballistic candidate propellants and to devise a predictable TC
propellant ignition delay device.

A representative list of formulations tested, that exhibited the

desired burning times (0.5-2 ms) for our ballistic application, is given
in Table 1. , i!
TABLE 1, TRAVELING CHARGE FORMULATIONS ]
D BINDER (%) OXIDIZER (%)  FUEL¥(s)  FORM
T™MS-9 GAP 25 TAGN/HMX 24/41 H498 10 CAST
TMS-10  GAP 25 TAGN/HMX 23/37 H498 15 CAST
TMS-13  GAP 20 TAGN/HMX 26/44 H498 10 CAST
TMS-16  GAP 15 TAGN/HMX 30/50 H498 5 CAST
T™MS-17 GAP 15 TAGN/HMX 28/47 H498 1v CAST
TC-14 KRATON 15 RDX 73 H466 12  PRESSED
TC-15 KRATON 10 KDX 78 H466 12  PRESSED
TC-16 KRATON 5 RDX 83 H466 12  PRESSED
TC-49 HYCAR 10 RDX 84 H498 6 EXTRUDED
* Proprietary boron-hydride compounds »
Although &ll of the above sampies had burning times between 0.5 und .
2 ms, some of the formulations burned in such a manner as to give
oscillations in the pressure record. Other formulations produced smooth
pressure-time records. These were preferred for ballistic application.
i
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The shape of the pressure-time curve can be a useful diagnostic for
analyzing propellant combustion. If the end-burning cylindrical VHBR
samples ware to burn in a laminar one-dimensional manner then the
pressure time curve should be nearly linear or, if there is a
conventional pressure dependence, the slope should be increasing with
time, It is obvious from Figure 3 that this is not the cage, In fact,
the slope, over the suction indicated at (C), is dtgreasing with time.
This is consistent with the model reported earlier®- that VHBR samples
burn porously followed by a deconsolidation where a large number of
particles burn regressively. This would result in a pressure-time curve
with a decreasing slope. As will be seen later, the interior ballistic
code assumes a laminar, one-dimensionel burn for the traveling charge.
To compensate for the cbserved burning phenomenon described above,
adjustments to the burning rates will be required. More will be
discussed on this subject in a later section dealing with interior
ballistic calculations.

Aside from achieving an acceptable burn tima for the propellant, an
ignition delay element is required for proper functioning of the TC
concept. The goal of a predictable ignition delay device was not
attained. Various thicknesses of NOSOL 463 were tried in an attempt to
use a propellant that would burn through in a controlled fashion.
Unfortunstely, the results were not predictable or reproducible. After
many tests, the decision was made to use small circles of masking tape
as the ignition delay element. This was simple to attach to the TC
sample and as reproducible as any other delay element tested.

As a result of the combustion tests, sample TC-49 was selected for
gun firings. The ignition delay device used was a small circle of
masking tape.

I1I. BALLISTIC FIRINGS
1. BACKGROUND

As mentioned in the INTRODUCTION, previous gun firings had shown
reproducible ballistic results from the 14-mm fixture. The traveling
charge results also exhibited down bore pressure increases and
accelerations that coincided with the burning of the TC. The
conventional firing pressure histories were in good agreement with those
predicted by XNOVAKTC but the TC velocity results were lower than those
calculated. The TC velocity differences (experimental vs. computed)
were attributed to an abnormally high down-bore resistance profile due
to TC combustion and to excessive gas blow-by around the obturator.

Interpretation of the results from previous firings indicated that
the projectile should be modified to decrease the down-bore resistance
and to improve the obturation. The computer modeling effort being used
to understand the physics of the TC ballistics event also indicated that
the percent increase in velocity possible from the traveling charge is
greater at increased charge-to-mass ratios. These results prompted a
redesign of the projectile to improve obturation and decrezase the

4




projectile inass so that the next series of firings would be carried out
with higher charge-to-mass ratios and improved obturation.

2. EXPERIMENTAL

A schematic of the gun fixture, with pressure port locations, is
shown in Figure 4. The bore diameter is 14 mm. The smooth-bore barrel
length_is 2900 mm. A conventional propellant, to be ignited in the
100 cp3 chamber, provides the initial acceleration to the projectile.

A sketch of the projectile used for this series of shots is shown
in Figure 5. The overall projectile length, when using a 50-mm sample
of TC propellant, is 104 mm. The nominal mass of the unloaded pro-
jectile is 14.3 grams. The 9.6-g TC sample was epoxied into the rear
cavity of the projectile (Figure 5). The ignition delay element,
described in the previous section, was attached to the exposec end of
the TC. The rear of the sample was }ocated at the entrance of the tube
such that a chamber volume of 100 cm” was maintained for all test:
firings.

The booster propellant used for the gun firings was a non-deterred,
unrolled small arms ball propellant. A non-deterred propellant was
chosen in order to simplify the interior ballistic calculations. A
description of the propellant is given in Table 2.

TABLE 2. BOOSTER PROPELIANT CHARACTERISTICS

Manufacturer..0lin, WC 615, X-4179

Type.......... non-deterred, un-rolled ball propellant
Ave. grain diameter....... 0.72 mm
Ingredients Wt. &

Nitrogen of NC 13.16
NC 59.94
NG 37.86
Dibutylphalate 0.28
Diphenylamine 0.49
N-Nitroso Diphenylamine 0.81
Water 0.46
Total volatiles 0.51

Thermochemistry at 0.2 g/cm3

Temperature (K) 3680
Impetus (J/g) 1165.4
Molecular wt sg/mole) 26.25
Co-volume (cm”/g) 0.966
Gamma 1.2155

Derived burning rate equation, r(mm/s) -~ 2.259 Po'863
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A 34-gram booster charge with a 1.5-gram igniter of black powder
was chosen for all tests. A schematic of the booster-chamber
configuration is given in Figure 6. Axial ullage was reduced as much as
possible in order to minimize nressure waves. When an inert sjmulant
vas used in place of the TC, the total projectile weight was 21.5 grams.
This gave a charge-to-mass ratio of approximately 1.6.

Data acquisition is done on analog tape, which is later digitized
and reduced by the BALDAS (Ballistic Data Acquisition System) data
reduction code. The gun pressures are measured with Kistler 607C
plezoelectric gauges. Velocity is measured using a 35 GHz microwave
interferometer. High speed cinematography is also available using a
Photec high speed motion picture camera. For some tests, flash x-rays
were used to observe the condition of the projectile after muzzle exit.

The operation of the fixture is as follows. The booster charge is
prepared by bagging 1.5 grams of . .ass 6 (FFFG) black powder with an
M-100 Atlas electric match in a small diameter tube of polyethylene film
and installing this igniter in an already prepared polyethylene film
tube that has been sealed at one end. This tube is then filled with the
34 grams of booster charge. The leads of the electric match are left
protruding from the open end of the tube and the film is sealed around
the leads and booster charge. The match leads are then attached to an
electric feedthrough device in the breech closure head. The projectile,
with the VHBR propellant epoxied into the tailstock, is now positioned
in the barrel with a tocl that assures reproducible location of the back
end of_the projectile to inuure that each firing had a chamber volume of
100 cm3. The breech closure head, with the booster charge attached, is
installed and sealed.

IV. RESULTS
1. CONVENTIONAL FIRINGS

A series of five conventional test firings was carried out in the
l4-mm gun fixture described earlier. The purpose of these tests was to
provide ballistic data for calibrating the interior ballistic code
(XXTC) that was to be applied to the travelisgliharge firings. Details
of this code have been discussed elsewhere.™ "~

The booster charge configuration was described in section two and
is shown in Figure 6.

A TC projectile is shown in Figure 5. For the conventional
firings, an inert nylon tail stock was used in place of the TC holder.
The final prujectile weight was a nominal 21.5 g, with an overall length
of 105 mm. Because of the small interference between the obturator and
gun tube, only a small force was required to seat the projectile.
Consequently a very small shot start pressure could be used as input
data for the code.
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The results of the test firings are shown in Table 3. A total of
five conventional firings were carried ocut. Average values and standard
deviations are reported in Table 3.

TABLE 3. RESULTS OF TC FIRINGS AND CAILCULATIONS

REMARKS ID PL P2 P3 P4 P5 P6 P7 VELOCITY 1G DELAY*

(pressures in MPa) (m/8) (ms)
Conventional * 317 305 287 126 69 39 20 1524 .-
firings 49 +10 41 +2 +2 +2 #1 +25
Conventional C 314 312 250 120 65 42 30 1507 “m--

calculations

TC firings 43 327 322 -- 130 78 39 31 1846 +0.03
" 44 323 310 -- 141 62 40 25 1867 +0.03

" 50 326 324 375 122 76 30 23 1820 -0.15
- S1 434 408 450 85 79 47 35 1805 -0.25
TC 44 311 -- 285 87 52 35 27 1840 +0.16
calculations 51 419 -- 404 100 85 51 35 1863 -0.19
TC 49 306 295 278 133 71 38 23 1440 ----
no ignition
TC no ignit. 49 324 --- --- 125 68 45 28 1463 g
calculations ]
#- TC ignition delay with respect to maximum chamber pressure. .*

*- an cverage and standard deviation of 5 firings.

The location of the gages is given in Figure 4. Plots of typical
pressure and velocity histories are given in Figures 7 and 8. Time zero
is arbitrary on these and all subsequent plots. In this series of
plots, interferometer data were lost at approximately 1/2 way down the
tube (Figure 8, A) due to gas blow-by. This was confirmed hy down-bore
high speed photography. A bright flame was observed at the same time
that the interferometer signal disappeared. The signal was recovered
after muzzle exit, however, g5 that the muzzle velocity is included on =
the velocity histories. !

Ry

2. SIMULATION OF CONVENTIONAL FIRINGS

The results of the calculations that were carried out using the
XKTC code are given in Table 3, ID C. The resistance profile was varied
until both pressure and velocity histories agreed with the experimental
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data. Once determined, this resistance profile was held fixed
throughout all conventional and TC calculations. As was mentioned, the
burn rate as a function of pressure for the booster propellant was
derived from closed chamber firings and is given by,

r(mm/s) = 2.259 p0-863

where P is in units of MPa. This expression was used in all
conventional and TC calculations. Plots of the pressure-time and
velocity-time calculations are given in Figures 9 and 10. There is a
discrepancy between calculation and experiment for P3. However, some
electronic problems were experienced with this gage and the results
reported for P3 in Table 3 are an average of only two readings. The
agreement between experimental results and calculations is considered
reasonable. Consequently, when calculations were carried out including
the traveling charge routines, no changes were madz to the input data
for the conventional part of the code. Only the ignicion and combustion
characteristics of the TC wers changed when matching experimental data.

3. TRAVELING CHARGE FIRINGS

Traveling charge firirgs were carried out using the same booster
(34 g) configuration us for the conventional firings discussed above.
The projectile used is shown in Figure 5. The TC sample used was TC-49,
with a nominal length of 51 mm and mass of 9.6 g. The projectile had an
overall length of 104 mm and a total mass, including the TC, of 23.9 g.
If the TC burns out in-bore the projectile mass at muzzle exit is
14.3 g.

It was found late iIn the firing program that the problem of
recording in-bore velocities over the total distances from shot start to
muzzle exit could be overcome using a lubricant (WD-40) in the gun tube.
Apparently the lubricant aided in increasing obturation and reducing gas
blow-by. This resulted in acceptable interferometer signals up to
muzzle exit. Consequently, some of the firings only have velocity
histories to about mid-tube while for later firings, data was recorded
out to muzzle exit. However, as was mentioned above, the lost
interferometer signal was recovered at projectile exit which permitted
accurate recording of muzzle velocities.

It has been found from previous calculationsl® that the best TC
performance is achieved when ignition is delayed until after the maximum
booster pressure. Consequently, an ignition delay element was added to
the end of the TC. As was discussed earlier, a layer of masking tape,
with vacuum grease at the edges was used. All TC firings reported here
used this delay element, '

High speed photographic results and flash x-rays indicate that the
projectile is intact and that there is not much if any TC comtustion
after muzzle exit.




Results for the TC firings described above are given in Table 3, as
ID 43, &4, S0 and 51. Included in this table is ID 49. This test is
identical to ID 43, 44, 50 and 51 except that tha TC did not ignite.
The usefulnessz of tast ID 49 is to yield a direct compariscn of the
effect of TC functioning on the interior ballistic processes. It should
be noted that the pressures recorded in Table 3 for the down bore gages
are NOT the maximum values, but rather the pressure just as the
projectile moves past the gage. It is the projectile base pressure
which ultimately determines the projectile velocity. Tris is not
necessarily the maximum pressure recorded at that location. The rapid
pressure rise as the base of the projectile passes by the gage often
induces substantial pressure oscillations (50 to 100 kHz, see for
example, Figure 7, gage 5). Accurate determination of pressure and
error estimates are made difficult under these circumstances. Pressure
and veiocity histories for ID 44 and ID 49 are given i Figures 12, 12,
13 and 14. Ignition of the TC is shown as point D in Figure 15. Prior
to this ignition, the pressures and velocities should be the same for
these two tests. Examination of the velocity histories (Figure 15)
indicates that up until the time of maximum chamber pressure the
velocities are the same. After this the TC ignites (point D), and the
acceleration is substantially increased for ID 44.

By contrast to the results presented above, the magnitude and
character of the pressure and velocity histories are substantially
different for TC firing ID 51 shown in Figures 16 and 17. The chamber
pressure is larger but the muzzle velocity is lower than for the other
TC firings. Additionally, close examination of the velocity history
indicates that the largest acceleration for ID 51 occurs prior to
maximum breech pressure whereas for 43 and 44 this occurs slightly after
maximum breech pressure. This is most likely due to ignition of the TC
prior to the maximum chamber pressure. This will be more fully
discussed below.

The variability in the traveling charge firings observed can be H
attributed to the non-reproducibility of the ignition delay element.
More will be discussed on this subject in the next section.

4. SIMULATION OF TRAVELING CHARGE FIRINGS

ML

For these calculations (XKTC code) the same input data was used
that was employed in the conventional firings (booster burn rate, as
determined from closed chamber firings, and the resistance profile, as
determined by matching calculated pressure and velocity histories with
experiment).

Only the traveling charge mass and burn rate were adjusted in order
to obtain a match between the computed and experimental performance A
data. The other input data regarding the gun, booster charge, etc. were :
the same as those used in the simulations of the conventional firings.
An estimate of the TC ignition was made from an examination of the
experimental velocity histories. The time for the start of deviation of
velocity of a TC firing from the case where the TC did not ignite was
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used as a criterion for TC ignition (Figure 15). This was not difficult
to determine since a large acceleration accompanies the ignition of the
TC. This ignition time is then referenced to the time for maximum
chamber pressure and was then used in the code. The time for maximunm
chamber pressure was determined from ID 49 where no TC ignition took
place.

In the initial set of calculations,9 a pressure-dependent burn rate
law was used to describe the TC combustion. As was found, muzzle
velocities were too large compared with experiment. For the present
calculations, two changes were then made in the burning characteristics
of the TC. Since the calculated velocities were systematically high, it
was speculated that not all of the 9.6 g of TC was burning and
contributing energy to accelerating the projectile. Thige is some
experimental evidence for this. Closed chamber firings™~ have indicated
that the final pressures were not always that predicted from
thermochemical calculations, This could be due to incomplete combustion
of the formulations. Secondly, a witness plate in front of the muzzle
for the experimental firings has indicated that a substantial amount of
small particulate matter is being accelerated with the projectile. This
could be interpreted as unburned TC. Thus a series of calculations was
carried out with TC mass as a variable, starting with 9.6 g.

Secondly, as was discussed in the COMBUSTION DIAGNOSTICS sectionm,
closed chamber firings of a number of TC formulations have indicated
that cylindrical samples burn with some form of breakup rather than in a
laminar fashion. Pressure histories indica&e a decreasing mass
generation rate as a function of burn time.

As a consequence of these two observations and in ordey to match
experimental velocity histories, the TC combustion data used in ihe
computations were altered in the following way. First, the total amount
of TC burned was reduced from 9.6 g to 5.5 g, with the difference of
4.1 g being added to the projectile mass. Second, a dual burn rate law
was introduced depending on the amount of TC burned,

r(m/s) = 127 (0 to 4.5 g)
r(m/s) = 25.4 (4.5 to 5.5 g).

Thus, the first 4.5 g burned at the rate of 127 m/s and tae final 1 g
burned at a rate of 25.4 m/s. The velocity data for ID 44 was compared
with the velocity calculations simulating ID 49. As was mentioned, the
deviation of velocities was used to determine the TC ignition. An
ignition delay of +0.162 ms was used,

Results from the calculations are given in Table 3. Pressure and
velocity histories are shown in Figures 18 and 19. The agreement with
the experimental results (ID 44, Figures 11 and 12) is reasonably good.
The pressure waves induced by the TC combustion are clearly evident.
The calculations reproduce thess waves. From Figure 19 it is seen that
the traveling charge ignites at approximately 1.4 ms. In Figure 18 it

10
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is seen that the pressure pulse produced by the igniting TC propagates
back to gage 3, 1.7 ms, and then %o gage 1 at 1.85 ms. Furcher waves

are observed on gages 4, 5 and 6, Examination of Figure 11 shows that
all of these general wave characteristics are observed experimentally.

Two points of di:tcrepancy should be mentioned. First, the absolute
pressure values for P3 (Figure 11) are suspect because of electronics
problems during recording of ID 44. The "best estimated value" of
pressure for this gage is plotted here to show the qualitative agreement
between calculation and experiment. Second, the cclculated pressure at
P4 1s lower than that measured. The most likely reason for this is that
the precise location of burn-out of the TC has a dramatic effect on the
pressure at a particular time and location. To demonstrate this, a
calculation was carried out in which the amount of TC was increased to
8 g with g constant burn rate of 102 m/s. These changes would be
expected to affect the point of burnout of the TC. The pressure
histories are given in Figure 20. Whereas the general character of Pl
and P3 has not changed there is a substantial increase in maximum value
of P4 indicating the large sensitivity to the location of burn-out of
the TC. As a matter of fact, examination of the velocity histories of
the TC firings clearly shows the dramatic increase in acceleration when
the TC turns on and the lowered acceleration when it turns off.

Although a better fit to the Jata could probably be achieved by a
systematic variation of the ignition delay and burning characteristics
of the TC, no further effort was made to do this at this time. The code
results were used mainly as an aid in explaining the physics and
chemistry of the problem.

An attempt was made to simulate the experimental results from
ID 51. 1In this case the ignition of the TC is taking place prior to the
maximum booster pressure. The value chosen was -0.190 ms with respect
to the maximum chamber pressure. The results are shown in Table 3 and
Figures 21 and 22. Comparing these with experiment, Figure 16, shows
the predicted large pressure waves observed experimentally. The
velocity histcry (Figure 22) shows some interesting characteristics.
The first element of the TC ignites at time C and burns out at time E.
The second element ignites at E and burns out at F. These charac-
teristics are also observed in the experimental data, Figure 17. After
the burnout, a decrease in acceleration is observad until point G. Both
the calculated and experimental velocity histories show an unusual
inflection at point G. (Although the experimental inflection occurs at
a slightly later time.)

A study was made of the pressure vs. distance and gas velocity vs.
distance produced by the code. These results indicate that the ignition
and burn-out of the TC induces large pressure pulses at the base of the
projectile. At a later time in the interior ballistic cycle, this pulse
dissipates after stagnating against the breech face. Slightly later,
the normal pressure gradient from breech to projectile decreases. The
pressure at the breech goes down but the projectile base pressure
increases. This occurs at G producing an increase in velocity through

11
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the remainder of the projectile travel. The code is showing the
inflection in the velocity history. This phenomenon is somehow related
to the pressure pulses generated by the traveling charge, but the exact
details of the hydrodynamics are not clear at this time. The
implications of these observations and its impact on the overall TC
process will be a subject for future investigation.

Finally, it was of interest to determine potential optimal
performance, as predicted by the code, for the experimental traveling
charge firings. Starting with tbe data base used to match ID’'s 43 and
44, the ignition time of the traveling charge element was varied to
obtained improved velocity. By delaying the ignition of the traveling
charge by an additional 1.0 ms a velocity of 2074 m/s was obtained
without increasing maximum gun pressures. The ignition delay could not
be increased beyond this time since velocities reached the point where
the Mach 1 limitation was imposed. Thus, for this system, the velocity
can be further increased by over 200 m/s. It is impcrtant to note that
to achieve this optimal performance the TC ignition must be tailored to
provide burnout of the traveling charge at muzzle exit.

V. CONCLUSIONS

* Experimental data indicate a distinct difference between the
character and magnitude of pressure and velocity histories of TC
and conventional firings.

* The two phase hydrodynamic interior ballistic code (XNOVAKIC)
glves a good representation of the pressure and velocity histories
for both conventional and TC firings. It can confidently be used
to study the wave dynamics of the problem and help determine the
important criteria that must be met for a successful application
of the traveling charge concept.

* The results indicate that not all of the potential energy from
the traveling charge was realized in our 1l4-mm gun finings. The
reasons for this are not clear at this time.

* Results indicate that the VHBR formulations show regressive
burning characteristics under TC conditions. This confirms what
was observed in combustion diagnostic studies.

* Successful application of the traveling charge concept will

require precise control over ignition and burnout times of the TC
propellant.

12
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